A school-based screening with anthropometric and blood pressure (BP) measurements was performed in adolescents aged 12-17 years in the island of Samos, . In multivariate analysis, BMI, male gender and age, but also modifiable factors (lack of physical activity, breakfast skipping, smoking and low milk consumption) were associated with increased BP levels in the study population. These data indicate that further to BMI, other factors such as adverse lifestyle and dietary habits appear to be associated with elevated BP levels in adolescents. Moreover, rising trends seem to characterize the prevalence of high BP.
Introduction
In the last decades, the levels of blood pressure (BP) and the prevalence of elevated BP in children and adolescents in the United States seem to be increasing. 1 This may have important implications for the future health of young individuals in terms of cardiovascular disease, as childhood hypertension is predictive of adulthood hypertension and, most importantly, is linked to early markers of atherosclerosis. 2 Although obesity is strongly associated with elevated BP, the exact impact of the overweight epidemic on BP in children has not been defined. 3 This is attributed, at least in part, to the fact that several other determinants of BP in childhood have not been extensively investigated. In particular, it has been shown that the rise in BP in children and adolescents is strongly associated but not fully explained by the rise in the prevalence of overweight and obesity. 4 The situation is particularly understudied in Greece where overweight and obesity is common in children and adolescents. [5] [6] [7] There are only few data about the prevalence of hypertension in children and adolescents, mainly in studies with restricted sample size, whereas information about the variables that influence BP is limited. [8] [9] [10] However, the available evidence suggests that the prevalence of hypertension in Greek children exceeds the rates reported for respective age groups in other countries. [8] [9] [10] This study was designed to assess the prevalence of high BP in adolescents and its potential change in recent years, as well as to investigate associated dietary and lifestyle factors.
Materials and methods
This is a prospective school-based study conducted in children of middle socioeconomic class in the island of Samos, a typical semi-rural Greek region. Participants aged 12-17 years attending all the three high schools of Karlovassi province (due to reasons of study convenience, these schools were chosen because they were in the vicinity of Karlovassi Health Center) were recruited in 2004 and again in 2007 (different participants). All students, attending these schools, were invited to participate on a voluntary basis (participation rate: 75% in 2004 and 94% in 2007). Students with acute illness or on drug treatment for any reason were excluded.
At both assessments (2004 and 2007), anthropometric and BP measurements were made in a single visit in a quiet office at school. Three consecutive BP measurements were taken in the sitting posture on the right arm of each individual, which was supported at heart level. Measurements were taken after 5 min sitting rest and with 3 min between measurements using a professional automated oscillometric device Welch Allyn Vital Sign Monitor (Welch-Allyn Medical Products, New York, NY, USA) 11, 12 and an appropriate cuff size according to the individual's arm circumference (three cuffs of different size were used with inflatable bladder 21.6-7.8, 21.7-9.8 and 27.5-12.5). The average of all the three measurements of each individual was used in the analysis.
Further to the above-mentioned measurements, in the second assessment (2007), participants were asked to fill in a brief questionnaire with regard to their dietary and physical activity habits, alcohol use and smoking status. Overweight and obesity were defined on the basis of age-and sex-specific body mass index (BMI) cutoff points proposed by Cole et al. 13 BP was evaluated using the normative tables of the US 4th Report on the Diagnosis, Evaluation and Treatment of High Blood Pressure in Children and Adolescents according to the age, gender and height.
14 To ensure that there are no errors in the analysed data set, a retrospective review of the data was also performed by crosschecking randomly selected original case report forms (5% of the 2004 and 2007 samples) against the analysed data set. The protocol was approved by the scientific committee of the Samos General Hospital.
Multiple regression analysis was performed to identify variables that affect systolic or diastolic BP levels separately in boys and girls. The variables assessed were age (continuous), BMI (continuous), consumption of food groups including meat, legumes, fruits/vegetables (1: p2 servings/week; 2: 3-5 servings/week; 3: 45 servings/week), milk, snacks (1: rarely; 2: daily), having breakfast (1: yes; 2: no), smoking status (1: no; 2: o10 cigarettes/day; 3: X10 cigarettes/day), alcohol use (1: no; 2: yes) and participation in physical activities (1: no; 2: yes). Unpaired t-tests were used to compare continuous variables between the two study groups (2004 and 2007) and w 2 for categorical variables. Analysis of covariance was performed for age-and BMI-adjusted comparisons of BP values between the two study groups. Results are expressed as mean with s.d. Statistical analysis was performed using the Statistical Package for Social Sciences software (SPSS release 11.0; SPSS Inc., Chicago, IL, USA). A probability value Po0.05 was considered statistically significant. Table 1 . There was a consistent trend for boys to have higher BP levels compared with girls after adjusting for age and BMI (analysis of covariance), in both the 2004 (systolic: 116 ± 12.7 vs 113.7±11.3 mm Hg, respectively, P ¼ 0.04 and diastolic: 63.8 ± 8.2 vs 62.7 ± 6.9 mm Hg, respectively, P ¼ 0.08) and the 2007 samples (systolic: 124 ± 11.4 vs 117.5±10.5 mm Hg, Po0.001 and diastolic: 74.6 ± 7.9 vs 73.1 ± 6.4 mm Hg, P ¼ 0.045).
Although mean BMI was higher in 2007 than in 2004, the difference in the obesity status did not reach statistical significance ( Table 1 ). The prevalence of high BP in 2007 in comparison with 2004 is also presented in Table 1 . A difference in BP levels was observed between 2004 and 2007 that remained significant even after adjustment for age and BMI. This change was more evident in diastolic BP. Prevalence of high BP in the range of pre-hypertension was also higher in 2007, yet not to a statistically significant degree (Table 1) . When boys and girls were analysed separately, systolic BP was higher in 2007 compared with 2004 after adjustment for age and BMI, for both boys (124 ± 11.4 vs 116±12.7 mm Hg, Po0.001) and girls (117.5±10.5 vs 113.7±11.3 mm Hg, P ¼ 0.002), and also for diastolic BP (74.6 ± 7.9 vs 63.8 ± 8.2 mm Hg, Po0.001 in boys and 73.1 ± 6.4 vs 62.7 ± 6.9 mm Hg, Po0.001 in girls). The mean BP difference after adjustment for age, sex and BMI is presented in Table 2 .
In the 2007 sample, variables associated with systolic BP in boys were age, BMI, lack of physical activity and not having breakfast, whereas for diastolic BP were smoking and low milk consumption (Table 3 ). In girls, both systolic and diastolic BPs were associated with BMI only (Table 3) .
Concerning dietary habits, a high consumption of meat (39% reported 42 servings/week) and snacks (daily consumption recorded in 41%) combined with a relatively low intake of vegetables and fruits (only 21% consumed 45 servings/week) was documented in our study. Interestingly, 68% of the students reported not having breakfast, whereas only 59% included milk in their daily programme. With regard to adverse lifestyle behaviours, 90% of the students reported no smoking, 5% smoked p10 cigarettes/day and 5% smoked 410 cigarettes/day. Moreover, 26% reported occasional alcohol consumption. No significant sex-related differences were observed with regard to smoking and alcohol use. On the contrary, boys were more frequently involved in physical activities compared with girls (85 vs 77%, respectively, P ¼ 0.02).
Discussion
This school-based study showed a high prevalence of elevated BP in adolescents in Greece, with an unexpected increase in a relatively short period of time. Several lifestyle factors apart from obesity appeared to be related with elevated BP in this population.
Studies in children and adolescents in Greece have suggested that the prevalence of high BP might be higher than in other countries. [8] [9] [10] Angelopoulos et al. 9 reported that the prevalence of systolic and diastolic hypertension was 28.1 and 7.8% for boys and 26.4 and 17% for girls in schools of Northern Greece. Similarly, in another Greek study, 39.3 and 32.3% of boys presented with systolic and diastolic BP above normal, respectively, whereas for girls, the respective proportions were 36.3 and 36.6%. 10 This study showed a remarkably high prevalence of elevated BP with more than 50% of the study population in 2007 classified as having BP X90th percentile. It should be mentioned, however, that in this study, office BP was assessed in a single visit, which significantly overestimates the level of BP and thereby the prevalence of high BP. 15 Measurements of BP in at least three office visits are needed for a reliable diagnosis of hypertension to be made. 14, 15 Furthermore, a significant proportion of participants with elevated BP in repeated office visits have normal BP out of the office (with ambulatory or home BP monitoring) and are classified as white coat hypertensives. 16, 17 A recent school-based study conducted during 2004 and 2005 in 765 participants aged 6-18 years in Athens, Greece, reported that 8.6% of the participants were classified as hypertensives on the basis of BP measurements of a single office visit, yet 70% of them had normal home BP and were classified as white coat hypertensives. 18 Another factor that might have affected the levels of measured BP in this study is the use of an automated electronic manometre for office BP measurement instead of a conventional mercury sphygmomanometre and the auscultatory technique as recommended by the 2004 Task Force. 14 This device has been validated in adults, 11 yet differences in measured BP compared 12 Although, there are reports that some of the oscillometric devices might overestimate BP in children, 19, 20 the validation study by Wong et al. 12 suggests that the Welch Allyn Vital Sign Monitor device tends to underestimate BP (by 4.4 mm Hg for systolic and 4.1 mm Hg for diastolic BP). These results are in favour of excluding an overestimating factor in our study, attributable to the device used. Furthermore, automated oscillometric devices have several advantages including prevention of the observer bias and terminal digit preference, 21 and are more practical than manual auscultatory devices for large trials. 22, 23 The most striking finding of this study is the rise in BP levels in the 2004-2007 period (Table 1) . These data are in accordance with other studies indicating increasing trends in hypertension prevalence in children and adolescents. 1, 4 However, most of the few available trend studies suggest that BP increased only moderately over time.
3 Din-Dzietham et al.
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reported that the mean increase in age-adjusted BP in children participating in the National Health and Nutrition Examination Survey between 1988-1994 and 1999-2002 was 8.4 mm Hg for diastolic BP and 1.3 mm Hg for systolic. Interestingly, again in this study, the rise in diastolic BP was more pronounced than that in systolic. Despite the accumulating data showing rising prevalence of hypertension in children and adolescents, the BP difference observed in this study within 3 years time is difficult to explain (average 6.0/10.6 mm Hg, systolic/diastolic). The older age and higher height, weight and BMI of the 2007 sample only partially explain this difference (Table 2) . It is important to note that the same investigators used the same device and the same BP measurement protocol in the two samples. Several factors may have contributed to the observed BP increase. In particular, the participation rate was lower in 2004 than in 2007, which could have introduced a selection bias. In addition, sample sizes might be too small to evaluate secular BP trends, because in adolescents, BP is highly variable and depends on age, sex and height. Large samples are probably needed for a reliable assessment of population BP levels. Moreover, it should be noted that other factors that might have influenced BP levels were not taken into account, such as the different season of school visits (May 2004 vs February 2007), the lack of determination of the menstrual cycle phase in girls, the potential stress induced by the questionnaire in 2007 (questions about smoking, alcohol consumption) and so on. It seems, however, that these factors cannot fully explain the observed increase in BP levels during the study period.
Although rising trends in childhood hypertension have been recorded, it should be noted that there are studies suggesting the opposite. 24, 25 Interestingly, a recent Irish study recorded a substantial mean decrease of about 10 mm Hg for both systolic and diastolic BP in adolescents within 10 years. 25 However, differences in protocols and techniques used to assess BP, as well as differences in ethnic background might account for the inconsistency of the results concerning BP trends worldwide.
In line with the earlier reports, multiple regression showed BMI to be a significant independent predictor of the BP levels, supporting the established knowledge that adiposity is strictly associated with high BP in childhood. 26 Percentages of overweight and obese adolescents in our study were especially high. However, no significant change in obesity status during the examined period was observed, despite the difference in BP levels. The latter remained significant even after adjusting for age and BMI (Table 1 ). This finding confirms the US National Health and Nutrition Examination Survey showing that the increased prevalence of hypertension is only partially attributable to an increased prevalence of overweight. 4 Therefore, other factors related to changes in lifestyle should be responsible, independently of the BMI.
As sex-related differences have been reported in the prevalence of high BP in adolescence, 27 we performed sex-specific multivariate analyses to study determinants of BP levels. Although this kind of analysis might be participant to chance findings (due to the size of the subgroups analysed (n ¼ 279)), it allows relationships to be denoted more clearly. Indeed, factors such as lack of physical activity, not having breakfast, smoking and low milk consumption were found to be associated with higher BP levels in boys and, most importantly, these factors conferred their effects on BP independently of the BMI. The beneficial role of physical activity in BP levels has been established, particularly in intervention studies suggesting that moderate-to-vigorous aerobic physical activity improves vascular function and reduces BP. 26 Breakfast consumption is known to be important in the maintenance of a normal BMI; 28 however, its effect on BP levels is unknown. Smoking is also an influential factor that can acutely increase BP 29, 30 and is also involved in cardiovascular risk, yet its role in childhood is undefined. In a recent study, diastolic BP was higher in children having a smoking mother. 31 Another interesting finding was the association between increased BP and low milk consumption. This observation might be justified, at least in part, by recent studies showing antihypertensive properties of milk proteins, 32 or might be attributed to chance. Unfortunately, lifestyle habits were not assessed in the 2004 sample, and therefore changes within this period could not be investigated. In addition, the self-report nature of this survey using a simple questionnaire is not regarded as the optimal method for the quantification of dietary habits. In light of these limitations, our preliminary findings should be interpreted with skepticism.
In conclusion, these data suggest that in Greece, high BP in adolescents is not uncommon, and most importantly, its prevalence seems to be character-ized by rising trends. Further to BMI, other factors such as adverse lifestyle and dietary habits appear to be associated with elevated BP levels in adolescence. Translating our findings into clinical practice, there is a need for inclusion of BP monitoring in routine paediatric examination, as well as, encouraging proper dietary and lifestyle behaviours in the young population.
